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A CLOKE OF DOPBLE-STRANDED RNA VIRUS 
AND APPLICATIONS THEREOP 

.This Is a continuation In part of the pending 
application Serial Number 07/169.486 filed Rarch 17, i960. 

The present Invention is related generally to the field 
of .genetic engineering. More particularly, the present 
Invention is related to providing a cDNA clone of the double- 
stranded RNA genome of a yeast virus and various applications 
of the clone. 

Viruses use a wide variety of strategies to replicate 
and differentially express the proteins they encode. 
Retroviruses, doubl e -stranded RKA (dsRNA) viruses and (♦) 
strand RKA viruses including PI cornavi ruses and Togavlruses, 
have in cowon their use of genomic ( + ) strand RNA as a 
template for replication and as a message for protein 
synthesis. Thus, while DNA viruses and (-) strand RNA 
viruses use splicing of mRNA to produce, in different 
amounts, proteins sharing part of their sequence (Livingston 
et al, 1985, Replication of Papovaviruses . In Virology, B.K. 
Fields, ed.. New York: Raven Press. pp. 393-410; Horwitz, 
1985, Adenoviruses and their replication. In Virology, B. K. 
Fields, ed. New York: Raven Press, pp. 433-476; Kingsbury, 
1985, Orthomyxo- and Paramyxoviruses and their replication. 
In Virology, B.N. Fields, ed., New York: Raven Press, pp. 
1157-1178), splicing is unknown among {+) strand RNA viruses 
and dsRNA viruses, probably because the spliced RNA would be 
packaged and replicated leading to the accumulation of 
defective viruses. Retroviruses splice their genomic RNA to 
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make the env protein, but the spliced RKA lacks the Psi 
sequence necessary for packaging (Watanabe et al , 1983, Mo) . 
Cell. 'Biol . 3:2241-2249; Mann et al , 1983, Cell 33:153-159; 
Markowltz et al, 1988. J . Virol 62:1120-1124). In addition, 
retroviruses use rlbosomal f rameshlf tine to make a large 
anount of the gag protein and a snail amount of the gag-pol 
fusion protein (Jacks et al , 1988, Cell 55:447-458). Murine 
leukemia virus (Varnus. 1988, Science 240:1427-1435) and two 
a viruses. (Strauss et al , 1983, Proc. Natl. Acad. Sci. USA 
80:5271-5275) use nonsense suppression in the same way. The 
rates of transcription and translation of different reovlrus 
dsRNA segments vary over a range of more than 20-fold to give 
overall rates of expression that vary over 400-fold (Jokllk, 
1981, Microbiol Rev . 45:483-501). 

L-A is a dsRKA virus of Saccharonyces cerevlsiae . L-A 
replicates by a conservative mechanism, with (+) strands made 
by transcription of dsRNA and (-) strands then nade by 
copying the ( + ) stranoVs -to form dsRNA again (sequential 
synthesis) (Newman et al, 1981, J. Virol 38:263-271; Sclafanl 
et al. 1984, Mol. Cell. Biol . 4:1618-1626; Newnan eta], 
1966, the replication of dsRNA. In Extrachronosomal Genetic 
Elements In Lower Eukaryotes, R. B. Wickner, A. Hlnebusch, A. 
M. Lambowitz, I. C. Ounsalus, A . Hollaender, eds.. New York: 
Plenum Press, pp. 173-187; Fujimura et al, 1986, Proc. Natl. 
Acad. Scl. PSA 83:4433-4437). (+) single-stranded RKA 

( s sRNA ) is packaged in a new coat to form new viral particles 
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(Fujimura et al . 1986, supra : Fujimura et al, 1987. Mol . 
Cell, Biol , 7:420-426). Both (+) and (-) strands are 
synthesized within viral particles, and because the size of 
the heads appears to be designed to contain one L-A molecule 
(4.6 kb). dsRNAs less than half the size of L-A replicate 
within- the head until they fill it with multiple copies. 

The 4.6 kb L-A dsRNA genome with a coding capacity of 
about 180 kDa encodes both the 80 kDa major coat protein 
(over 100 nolecules per viral particle) and a 160 kDa minor 
viral protein (about 1 molecule per- particle). The 180 kDa 
protein shares immunodeterminant s with the major coat protein 
and, unlike the major coat protein, has ssRKA-binding 
activity which could play a role in both packaging and 
replication. L-A carries several genetic activities, called 
[HOK], fXEX), [EXL] and [D] defined by the interactions of 
L-A with H dsRNA (see review by Wickner, 1986, Ann. Rev. 
Biochem. 55: 373-395; Uemura et al, 1088, Xol . Cell. Biol . 
8:938-944 ). M* is a dsRKA /that encodes a secreted toxin and 
insanity to the toxin (Bussey, 1988, Yeast 4:17-26) and uses 
the same particles as L-A for replication. Although both L-A 
and M a are affected by a variety of chromosomal genes, only 
three of the genes required for the maintenance of H x (MAK3 , 
MARIO , and PET18) are necessary for the maintenance of L-A 
(see review by Wickner, 1986. supra ) . A deletion mutant of 
L-A , called X dsRNA , requires most, if not all. of the MAK 
genes (Esteban et al, 1988, J. Virol . 62:1278-1285). 
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In order to determine how both the 80 kDa and 180 kDa 
viral proteins cao be encoded by the 4.6 kb L-A molecule and 
to study their differential expression, structure, function, 
and relation to the genetic activities of L-A. it was 
desirable to clone and sequence the L-A genome, such a clone 
not heretofore being available. 

. SUMMARY OP THE iyVEXTIOK 

It is, therefore, an object of the present invention to 
provide a substantially complete cDKA clone of the L-A viral 
genome of S. cerevl slae . 

It is another object of the present invention to provide 
a yeast test system for identifying factors influencing or 
controlling the -1 ribosomal f rameshif ting event that occurs 
during gag-pol fusion protein synthesis in retroviruses 
including HIV; 

It is : a further object of the present Invention to 
provide a new yeast based vector for preparing particle- 
Immobilized, antigens for, inducing immune response in a 
responsive host. 

It is yet another object of the present invention to 
provide a stable, recombinant cDKA clone of L-A at a copy 
number of at lea6t about 10,000 per cell to produce a desired 
protein In large amounts. 

Other objects and advantages of the present invention 
will become evident from the following detailed description 
of the Invention. 
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BRIEF DESCRIPTIOK OF THE DRAWINGS 

These and other objects, features and many of the 
attendant advantages of the invention will be better 
understood upon a reading of the following detailed 
description when considered in connection with the 
accompanying drawings wherein: 

Figure 1 shows a summary of the overall structure of the 
L-A genome. The two open reading frames, ORF1 and ORF2 
encode the two products of the L-A genome, the major coat 
protein of the viral particles and the chimeric protein 
having a major coat protein domain and a single-stranded RKA 
binding-RNA polymerase domain. 

Figure 2 shows the complete sequence of the L-A genome 
and specific features thereof. Including possible 
frameshlf ting. sequences near base 2000. 

Figure 3 shows the similarity between the sequences of 
HIV-1 and RSV that are - known to produce rlboaomal 
f raaeshlf t ing and sequences in L-A in the 130 base region of 
overlap of 0RF1 and 0RF2. 

Figure 4 shows the homology between L-A's ORF2 and the 
RKA-dependent RNA polymerase genes of a number of RKA viruses 
that allowed the identification of the 180 kDa protein as the 
L-A RKA polymerase. 

Figure 6 shows the schematic design of a frameshlft 
vector based on the frameshlft sequences of the L-A virus. 
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. Figure 6 chows constructs useful ior producing particles 
carrying multiple copies of a protein antigen on Its surface 
for 1-nducing an immune response. 

Figure 7 shows the use of a vector to support the 
replication and increase the copy number of the X dsRXA-based 
expression vector. 

DETAILED DESCRIPTION OF THE INVENTION 

TJie above and various other objects and advantages of 
the present Invention are achieved by a cDKA clone of the L-A 
viral genoae of s_. cerevi slae . 

Unless defined otherwise, all technical and scientific 
terns used herein have the sane neaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and Materials 
siniler or equivalent to those described herein can be used 
In the practice or testing of the present invention, the 
preferred methods and materials are now described. All 
publications mentioned hereunder are Incorporated herein by 
reference* Unless mentioned otherwise. the techniques 
employed herein are standard methodologies well known to one 
of ♦ordinary skill in the art. 

The tern "substantially complete" cDNA clone, as used 
herein, means that the clone has the complete nucleotide 
sequence of the L-A viral genome except for a few bases at 
each end which, however, are easily repaired by using 
oligonucleotide mutagenesis. 
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The tern "modified" cDNA as used herein Means (1) 
modified to include the sequence encoding the protein whose 
production is desired; (2) aodified to place the appropriate 
region with this encoding sequence downstream from a suitable 
promoter and upstream from a suitable transcription 
terminator; (3) modified in a suitable region to optimize the 
amount of transcript production by L-A (with the protein 
coding sequence); (4) modified to optimize the level of 
translation of the mRNA produced by L-A; (5) modified to 
result In secretion of the synthesized protein; (6) modified 
to include a multiple cloning site in an appropriate* region, 
and the like. 

MATERIALS AND METHODS 

Materials 

M-MLV reverse transcriptase. RNase H . and DKA polymerase 
I were obtained as a kit from Bethesda Research Laboratories. 
Exonuclease 1 1 1„ and SI nuclease were from Promega Biotec. 
Modified T7 DKA polymerase (Sequenase) and T4 polynucleotide 
kinase were from United States Biochemical. Other enzymes 
and substrates were obtained from Bethesda Research 
Laboratories, New England Blolabs, New England Nuclear. LBK- 
Pharmacla or Boehrlnger Mannheim. 

Saccharonyces cerevlslae strain RE59 (a argl-1 ski2-2 
L-A-HKB [D] L-BC W) was used as a source of VLPs . This 
strain contains a variant of L-A. L-A-HNB . which results in 
high levels of L-A viral particles (Uemura et al . 1988, Mol . 
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Cell Biol . 6:936-944). This strain has no M» killer dsRKA , 
which. if present, would strongly repress L-A replication, 
and the chroaoaoaal sk!2-2 Mutation also contributes to the 
higher yield of VLP* . Escherichia coll strains, DH5a (?-, 
endAl. hsdR17(r~, ■* ) . supE44 . thi-1. recAl, gyrA96, 

relAl.. (ar£F-lacZYA)U169, 08OlacZ M15) and DH5aF 1 , were fro* 
Betheeda Research Laboratories. Plasmid SK* , SK~ , and K13 
helper phage, R408, were from Stratagene. 
Construction of cDKA Clone 

L-A cBNA wis synthesized using (+) strand aessage of Lr 
A, synthesized in vitro, as a template. L-A VLPs were 
prepared from strain RE59 as described by Fujimura et al, 
1986, Proc. Natl. Acad. Scl. USA 83:4433-4437, except that 
the concentration of NaCi in the extraction buffer (buffer A) 
was raised to 500 nM to stabilize particles, and CsCi density 
gradient centrif ugat ion was performed twice. L-A •<+) strand 
RKA was synthesized fron the purified VLPs as described by 
Welsh et al , 1980, Suclelc Acids Res . 8:2349-2363. To obtain 
the highest yield of the product per template in a 200ul 
reaction volume, each substrate (NTP) concentration was 
raised to 1.5 mH and the M&C1. concentration was adjusted to 
10 nX. After 90 minutes incubation at 30°C, the reaction was 
stopped by phenol, and then standard phenol -chlorof ora 
extraction followed. After etbanol precipitation, the 

mixture of L-A ssRKA and dsRKA was used directly as a 
template for the cDSA synthesis without further manipulation. 
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the presence of dsRNA Interferes neither with cDNA synthesis 
nor with the ligation reaction. 

Two synthetic priaers, OCATATGGGTAATTCCCATTATCTTTTTGGC 
(PRIMER I) and GAAAAATTTTTAAATTCATATAACTCCCC (PRIHERII). 
were used to synthesize L-A cDNA . These primer sequences 
were based on the 3* and 5* terminal sequences of L-A dsRJCA 
(Thiele et a), 1984. Mol. Cell. Biol . 4:92-100). The 5'- 
ternlnl of these primers were phosphory lated by T4 
polynucleotide kinase. The first strand was synthesized with 
m_HLV reverse transcriptase following the manuf acturer * s 
protocol, except that oligo dT was replaced by the priner I. 
After the first strand synthesis, the priner II was Included 
In the reaction mixture, annealed. and the second strand 
synthesis was performed using DKA polymerase I with RKaseH. 
This use of the second priner allowed us to generate cDN'A 
having an Intact 5'-end. No labeled nucleotide was used at 
any point in the reaction process. The reaction was 
terminated by a phenol extraction and the full size cDKA 
which runs at the sane position as dsRNA was purified fron a 
preparative agarose gel using DEAE-cellulose paper. The size 
fractionated cDNA was llgated Into the Saal site of the 
multiple cloning site of a Blnescript vector, SK"". The 
llgated DNA alxture was transforned into frozen competent 
cells of E> coll * strain DH5a prepared by the method of 
Hanahan, 1983, J. Mol. Biol . 166:557-580. Transf ormants were 
selected on X-Gal amplclllln plates and white and pale blue 
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colonies were screened for their plasaid DKA inserts. 

Initially 108 transf oraants were screened for their 
insert DKA site', by digesting aini-prep DSA with Hindlll and 
Ban HI . Aaong.tthew. 39 clones were close to the fall size. 
These clones were further tested by digesting the plasalds by 
EcoRI, EcokV, • and BaaHI , and coaparing the size of the 
fragments derived froa the 5* and 3* ends of the L-A cOSA. 
The digested fragaenta were transferred froa an agarose gel 
to two pieces of nitrocellulose paper and hybridized with a "P 
end-labeled primers I and II.. respectively. Aaong those 
which showed strong hybridization to both priaers were L03, 
LOS, and L28. % - 

DKA Sequencing of L-A cDKA Clones 

The plasalds. L03 and LOS , have L-A cDNA Inserts whose 
orientation is such that the 5' end of the L-A {♦) strand 
sequence is next to the universal priaer site in the SK* 
vector, whereas the insert in L28 has the opposite 
orientation. These plasalds were digested at the Hindlll and 
Apal sites In the multiple cloning site of the SK" vector, 
and a series of deletions were generated using ExoIIl and SI 
nuclease (Henikoff. 1987, Methods Enzyaol . 155:156-165). 
ssDNas were prepared following the protocol supplied by 
Stratagene with the following modifications. Fresh colonies 
of strain DB5aF * carrying a plasaid were inoculated Into 2 ml 
of 2xYT median In a 50 ml disposable plastic tube, cultured 
at 37°C for 2 hours, and M13 helper phage, R408, was infected 
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at .around moi « 10. After vigorous shaking for two hours at 
37°C, the temperature was dropped to 32°C, and the shaking 
was continued overnight. Although the reduction of the 
temperature Is not essential, this method gave a consistent 
yield of rescued ssDKAs in a variety of deletion mutants 
constructed. Since F-pili are dissociated at the reduced 
temperature (Messing, 1983, Methods Enzymol . 101:20-78), this 
notification prevented re-infection by the helper phages 
which could eventually lyse the cells, especially those which 
have lost the plasmld during the overnight cultivation. 

For each plasaid, about 50 deletions were sequenced 
using Sequenaee following the aanuf a cturer ' s protocol. The 
average reading was 400 bp. For clones in the SK* vector, 
the M13 -20 17aer was used as a priner. Also, BaaHI /Hindi 1 1 

.fragments from 6 cDNA clones were recloned into the SK~ 
vector, and the opposite ends were sequenced using a reverse 
sequencing priner. The DKA sequences were assembled and 
analyzed using programs of UWGCG (Devereux . et al, 1984, 
Wnclelc Acids Res . 12:387-395). IDEAS, STADEK, and PIR 
included in the "Analysis" library at the National Cancer 
Institute Computer Center at Frederick, Maryland. Homology 
was also examined using the FASTA (Pearson et al , 1988, Proc. 
Natl. Acad. Scl PSA 85:2444-2448) and FPAT programs provided 
by David Llpnan, Chuck Buckler and Hllllan Pearson. 

A deposit of the cDNA clone of the L-A dsRNA has been 

"made at the ATCC, Rockville, Maryland. on February 10,1989 
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under accession number 67,888. The deposit shall be vlably 
maintained, replacing If It becomes non-viable, for the life 
of the patent or a period of 30 years from the date of the 
deposit, or for 5 years from the last date of request for a 
sample of the deposit, whichever Is longer, and made available 
to the public without restriction In accordance with the 
provisions of the law. The Commissioner of Patents and 
Trademarks, upon request, shall have access to the deposit. 

Among various utilities of the clone of the present 
invention, at least the following should be noted. 

1. To identify factors influencing the rlbosomal 
f rameshif ting that retroviruses. Including' HIV, use to make 
the gag-pol fusion protein which is vital to the viral 
repli cation . 

2. To prepare particles that have a particular antigen 
protruding from multiple sites on the particle surface for 
use in Immunization or in biological- and Immunological tests. 

3. An RNA expression' vector and as a helper for such 
an RNA expression vector. 

These utilities are now described. 

Dse of cPKA clones of L-A in examining factors affecting 
rlbosomal Hfeameshff t lng . 

. A study of the cDNA clone of the present Invention 
reveals that the 4579 bp L-A has two open reading frames 
(ORFs). 0RF1* of 680 amino acids extends from base 30 to base 
2072 of the L-A(+) strand and encodes the major coat protein. 
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A second ORF of 668 amino acids (0RF2) extends from base 1940 
to 4546 and encodes part of the ssRNA-blndlng protein. The 
other. part of this 180 kDa 3sRRA-bindin£ protein Is encoded 
by 0RF1. Puslon of ORPl and 0RF2, apparently by a -1 
translational frameshlft. produces the complete 180 KDa 
protein. A site similar to the site of f rameshif ting in HIV, 
RSV and other retroviruses is found within the 143 bp overlap 
of 0RF1 and 0RF2 (Fig. 3). ORF2 also contains a sequence 
characteristic of the RKA-dependent RKA polymerases of 
several picorna- and togavriuses (Fig. 4). 

Retroviruses, including HIV, use rlbosonal f rameshif ting 
to make a large amount of the gag protein (the major coat 
protein of the viral cores) and a small amount of the gag - pol 
fusion protein. The gag - pol fusion protein contains a nunber 
of domains, such as a domain that is identical to the gag 
protein Itself. a domain that has the reverse transcriptase 
activity, and other protease, integrase and RNase H domains. 
The retroviruses cannot replicate unless they are able to 
make the host ribosomes carry out this f rameshlf ting from the 
upstream gag rending frame to the downstream pol reading 
frame. This must be carried out while the ribosomes are in 
the rather small region (201 bp in the case of HIV) in which 
the two ORFs overlap. In all known cases, mammalian 
retroviruses carry out a shift of -1 base in the overlap 
region. There are no cases yet known in which a eukaryotic 
host uses rlbosonal f rameshl f ting in expressing its own 
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genes: Hence, this Is a potential site at which the retro- 
virus replication cycle can be attacked. In order to carry 
this prut, it is necessary to have a simple system in which 
the effect of various drugs, host factors or other 
perturbations on the efficiency of rlbosomal f rameshl f ting 
can be easily tested and determined. 

As has been mentioned before, 0RF1 of L-A encodes the 
major coat protein of the viral particles in which L-A is 
found in the cell (like gag of retroviruses). 0RF2 encodes 
a part of the 180 kDa protein with homology to RNA-dependent 
RNA polymerases that has single-stranded RNA binding 
activity. Like the gag protein of retroviruses, the L-A 
major coat protein encoded by 0RF1 is made in large amounts. 
Like the gag - pol fusion protein of retroviruses, the 0RF1- 
0RF2 fusion protein (the 180 kDa protein) is node in small 
amounts. The mechanism appears to be sane. The shift from 
0RF1 to 0RF2 must occur in the 130 bp region of overlap 
between 0RF1 and 0RF2. .The exact site of the shift in HIV, 
RSV and in several, other retroviruses has been precisely 
determined and has been shown to occur at the sites shown in 
Fig. 3 for HIV and for RSV . The essential elements of this 
site are the^einsuences , 5« UUODUUA 3* for HIV or 5*AAA0U0A 3' 
for RSV, followed closely by an Inverted repeat sequence that 
most likely functions to slow down the rlbosomes. As shown 
in Fig. 3. a similar., sequence was found in L-A In the 130 bp 
overlap region. The reading frame In this homologous region 
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is the sane as that in HIV where it frameshifts. The 0RF1 
frame in this 0 GGO CUA sequence is such that a -1 base 
"simultaneous slippage" (Jacks et al, 1988, Mature 331:280- 
283; Jacks et al, 1980, Cell. 55: 447-458) of peptidyl 
tRKA" x * bound to the GCC and leucyl tRRA 1 "** bound to the CUA 
leaves the non-wobble bases of each tRNA anticodon still 
paired to the aRSA . This mechanism has been demonstrated by 
Jacks et al , supra . for RSV. and is strongly suggested for 
other retroviruses which frameshlft. L-*A apparently uses the 
sane mechanism for the synthesis of Its fusion protein. 

Since rlbosoaal f rameshlf ting is an interaction of the 
rlbosoae and the mRXA, it is reasonable to use any message 
construct to exaalne its nechanlss whether or not that 
construct cones froa a retrovirus or not. At the tiae the 
rlbosoaes are f raaeshif ting on HIV message, they have no May 
of knowing whether the RNA caae froa a retrovirus or not. 
The yeast systea of the present Invention provides easy 
genetic aanlpul abi 1 ity for host genes v viral components and 
clones. 

In order to make a construct, the region at which the* 
f rameshi f ting occurs is placed upstream of the beta- 
ealactosldase gene or of a gene such as LEU2 or DRA3 or LYS2 
or CAK1 whose increased or decreased expression can be 
selected (Pig. 5). The frame is adjusted so that only if the 
f rameshif ting occurs will the downstream signal gene be 
expressed. One or more of these constructs (Fig. 5) are 
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introduced Into yeast strains and mutants are isolated in 
genes that affect f rameshlf ting efficiency by either 
increasing or decreasing it. Drugs are screened for their 
effects on -•/. f rameshlf ting using cells containing these 
"frameshift vectors*. A decrease in t rameshlf t ing Mould 
interfere with retroviral replication by interfering Kith the 
supply of reverse transcriptase. Monitoring the effects on 
aore than one construct makes the screening of effects 
peculiar to one signal gene a simple natter. Also, other 
control constructs are prepared In which the signal gene Is 
in frane with tfie upstream region so that no f rameshlf t is 
needed for expression. Yet other control constructs have the 
signal gene in the +1 frame. 

Use of L-A clones to Bake antigen-carrying particles for 
Imnunj zation 

Particl e-bonnd antigens have long been known to be more 
antigenic than soluble antigens (Adams et al , 1987. Nature 
329:68-70). Using the process of Adams et al , gene fusions 
of 0RP1 encoding the major coat protein of L-A are made with 
the gene of the protein antigen against which immunization is 
desired. The fusion is introduced into yeast and expressed. 
The particles formed by the major coat protein then have the 
protein antigen*' attached at multiple locations on each of the 
particles.. Expression at various levels in the presence or 
absence of endogenous L-A virus can be used to produce 
particles having various numbers of antigen side chains per 
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particle. The DNA sequence for the protein antigen Is 
Introduced at various sites within the major coat protein 
gene. to deternlne which sites give the most immunogenic 
particles. The particles can be purified easily using their 
physical properties. The particles can then be Inoculated 
to Induce the desired immune response. 

Use of L-A cDN'A clones to express and produce a desired 
protein and as a helper for an X cDXA-based RKA vector. 

In the replication cycle of the L-A virus, the viral (*) 
strands are an intermediate. Viral (■*) strands are 

synthesized by viral particles that contain the viral double- 
stranded RKA genome and extruded from the viral particles. 
They then serve a dual role; 

(I) These (+) strands ore the mRKA that is used by the 
ribosones to make the two viral proteins needed for viral 
packaging and replication. namely, the major coat protein 
(80 kDa) and the major coat protein-RNA polymerase fusion 
protein (180kDa). 

(II) The viral plus strands are encapsidated by the 
newly synthesized coat proteins to for* new virus particles. 

This natural viral replication cycle is exploited to 
synthesize abundant amounts of a desired protein. The L-A 
cDNA clone can also be modified to encode the des ired -protein 
instead of, or In addition to, the normally encoded proteins. 
We have defined and delimited the viral regions and signals 
necessary for replication, transcription and packaging of the 
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L- A molecule . These signals are completely Included In the 5' 
most 25 bases of the (4) strand and the 3* most 500 bases of 
the strand (Esteban et al . 1988. PNAS , 85:4411-4415). 

Replication requires the 3* terminal 30 bases and a region 
about 400 bases from the 3' end (the Internal Replication 
Enhancer). In order to produce the proteins, the region 
coding for the vira* proteins is replaced by the gene for the 
desired protein. The signals for transcription and packaging 
and replication are left Intact and the desired protein is 
allowed to be expressed. 

Since strains having up to 20* of their total protein as 
major coat protein can be constructed, the transcription and 
translation signals normally used by the virus are quite 
efficient. although, the method allows one to modify and 
Improve either. 

The L-A cDNA Clone is altered as above to contain the 
desired gene and upstream of the modified L~A sequence is 
placed either a yeast promoter or a T7 RNA polymerase 
promoter. This vector is then introduced into a yeast strain 
that carries a normal L-A virus to supply the replication and 
packaging proteins. Then, the transcription of the modified 
I-A is turned on. The {+) strands thus produced (because 
they have the packaging sequences) are packaged in virus 
particles replicated and transcribed. The (+) strand 
transcripts are translated to produce the desired product. 

. Another use for the L-A cDNA clone in producing the 
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desired protein Is as a source of large amounts of 
replication proteins. The normal L-A produces the replicase 
(RNA.rdependent RNA polymerase) as a fusion protein with the 
major coat protein at about IS of the amount of coat protein 
alone. While this ratio may be optimal for maintenance and 
replication of L-A in a normal host strain, it is probably 
sub-optimal for maximal copy number and expression in the 
ekl -mutant hosts that give up to 10-20* of host proteins as 
L-A major coat protein. The mechanism of formation of the 
fusion protein is rlbosomal f raoeshl f t i ng . This Is an 
inefficient process and can be simply bypassed by inserting 
one nucleotide in the region of overlap between the two open 
reading frames of the L-A cDNA clone. If this clone is 
modified so as not to have the packaging and replication 
signals, the transcripts will only serve as bRNA, Thus, a 
large amount of RXA-dependent RNA polymerase can be supplied 
to the replicating virus to Increase its copy number and rate 
of transcription. 

The invention is now illustrated by the following 
examples : 
Example 1 : 

This example shows the construction of a 'frameshlft 
vector* using the frameshlft region of the L-A viral 
sequence. The structure Is schematically Illustrated in Fig. 
5. The yeast PVKl promoter Is linked to an AUG start codon 
followed by the frameshlft sequence from the L-A virus. The 
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regicrn of L-A analogous to HIV or RSV Is shown for 
Illustrative purposes in Pig. 5. but the exact region of L-A 
responsible for frame shifting is Inserted during the 
construction. At the end of the L-A fraaeshlft sequence Is a 
termination codon, TAA, In the unshlfted frame, so that 
ribosomes that have not shifted will cease translation and 
not have the opportunity to shift further downstream. The E. 
coll 1 a c 2 gene encoding bet a-galac tos idase , is placed next 
and Is in the -1 frame relative to the AUG. This Means that 
the ribosomes must shift back one base on the nKNA in order 
to properly translate this region. Control vectors with 
beta-galaotosldase in the original "0" frame or in the 
frame are also made, but are not shown in Fig. 6. The vector 
also carried replication origins and selectable markers for 
yeast and E. col 1 . The vectors are transformed into a wild- 
type yeast strain and the levels of beta-galactosldase In the 
"0* frane with the frane and the " + frame. The amount 

of beta-galactosldase in a colony can also be estimated using 
plates containing X-gal and the blue color that results from 
its breakdown by the enzyme. Cells carrying the *-l" vector 
(the construct shown in Fig. 5) are grown on plates 
containing a drug to be tested for Its effects on 
f rameshlf ting. A change In the shade of bine can be used as 
a simple qualitative screen for an Increase or decrease of 
the degree of f rameshlf ting. Thus hundreds of drugs can be 
quickly screened for such an effect. More careful 
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quantitative assays can then be carried out on premising 
drugs using the simple beta-galactosldase assay of 
peraeabilized whole cells. Since the yeast translation 
apparatus closely resembles that of animal cells, this Method 
can be used to screen and determine the direct effects of 
drugs on the replication of retroviruses in tissue culture or 
In vivo tests . 

The sane strain carrying the frameshlft vector can be 
mutagenlzed and plated for single colonies. Those colonies 
that are sore or less blue than the. parent strain can then be 
analyzed to detect single-gene nutations causing Increased or 
decreased rlbosomal f rameshif ting. The genes involved can be 
cloned and characterized and their mammalian counterpart 
examined for similar effects on translation in mammalian 
cells . 
Example 2 : 

To produce particles with regions of the HIV-1 p24 
protein exposed on the outer surface, constructs such as are 
shown in Fig. 6 are prepared. The L-A 0RF1 encoding the 
■ajor coat protein is fused In frame to the p24 gene. [In 
other constructs not shown the p24 sequence Is inserted 
within the L-A 0RP1 or at the H- terminus . ) The expression 
vector carrying this construct is Introduced Into a yeast 
host. The major coat protein with the p24 sequences attached 
forms viral particles which are then purified in large 
amounts by conventional methods. The L-A ORF1- 0RF2 fusion 



WO 90/12094 



-22- 



PCT/U590/Q171* 



protein is expressed separately from a separate vector to 
determine whether this fusion protein is, as we have 
hypothesized, necessary for particle formation (Fujlnura & 
Wlckner, 1988, Cell , 65:683-671). 

The purified particles are used to Induce an immune 
response or to generate antibody reagents. The particles are 
also used as the antigen in tests for deteralning the 
presence of antibody In serui of patients or anlaals. 
Example 3 : 

The L-A 0RP1 and 0RF2 are fused in an expression vector 
by slnply inserting one base in the region of overlap between 
0RF1 and 0RF2. This vector then expresses the viral RNA 
polymerase. Along with another expression vector expressing 
only the major coot protein, ORFs are used to supply needed 
products to the X dsRNA-based expression vector which has all 
els sites necessary for replication, transcription and 
packaging, using the cDKA clone of X. the gene for a protein 
whose production is desired can be inserted, introduced into 
yeast, regenerated as an RKA virus and expressed by the L-A 
encoded transcription apparatus. The cloning of the L-A 
genome hakes possible supplying or modifying the protein 
components of the L-A packaging and transcription apparatus 
fro* these clones in such a way as to optimize expression 
from tbe Modified X virus-vector. This is schematically shown 
in Fig. 7. 

It ;is understood that the examples and embodiments 
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described herein are for Illustrative purposes only and that 
various modifications or changes In light thereof will be 
suggested to persons skilled In the art and are to be 
included within the spirit and purview of this application 
and scope of the appended claims. 
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CLAIMS 

1. A DNA segment encoding a double-stranded RNA 
genome of the L-A virus of yeast, or a unique portion thereof. 

2 . The DNA segment of claim 1 having the nucleotide 
sequence shown in Figure 2, or a unique portion thereof. 

3 . The DNA segment of claim 2 wherein said unique 
portion of said nucleotide sequence shown in Figure 2 consists 
essentially of L-A virus bases numbered 1950 to 2028, inclusive. 

4 . The DNA segment of claim 1 consisting of a modified 
or unmodified cDNA clone of a double-stranded RNA genome of the 
L-A virus of yeast. 

5. The DKA segment of claim 4 wherein said cDNA clone 
has the American Type Culture Collection accession number 67,888. 

6. The DNA segment of claim 1 having inserted therein 
•a sequence wherein said sequence encodes a desired protein. 

8 . A recombinant DNA molecule comprising said DNA 
segment according to claim 1 and a vector. 

9. A culture of cells transformed with said 
recombinant DNA mole&ule according to claim 8. 

10. A recombinant RNA molecule having a nucleotide 
sequence complementary to the nucleotide sequence of the 
recombinant DNA molecule according to claim 8. 

11. A virus-like particle comprising the recombinant 
RNA molecule according to claim 10 and the coat protein of the L- 
A virus of yeast. 
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' ■ | X dsRMA 1 

■■■ ■ ■ 1 >» . wjer II. . . . .. 

1 GAAAAAJTTTTAMrrCATATAArrCCCCATGCTAASAT^ 100 
Kl dsR*A(l-7) MLRFYTKRSQDKSSDLFSICSDR6 

101 AACTTTT6TTGtCCATMTA6A6TTC66ACT6^ 200 
TFVANRRVRTOFKFORIVFRRVYGVSQKFTLVG 

Ml AACCCSACA6TCF j£TTTAAT6AAG6CA6T^ 300 
RPTVCFIEGSSYLE6 IAKKYLTL0661AI P R ¥ L R 

301 AT6A6TT6A6ATCCACnGC66TAT^ 400 
ELRSTC6IP6RAVASHAYRITSVRVYDIHYAIL 

401 6AT6AACAT6TT6CGT6tnACCACTTACAAGTAn6AXC^ 500 
» * H 1 R AYHtOYLTEOGOY $A_£DIPMYH06HVKI 
Peptide III . . R . * 

501 AA^ACCA6T6AnATC6AT6ACAC66CAfiGCCCAACA^ 600 
KLFVT I 0D7AGPTQFAVPSORSTDSYFDVAQFSE 

601 MTamcaTCAATt£ACGTCa6TACCTAOT 700 
SFPSIOYPTLD Y R PLTVTEYRFVLMHMSKVHRR 

701 TACTAACTTA£CSATA£ACTAC&AG6CACCCC^ 800 
TRLAIOYEAPQLAOtFAtRHAlTYQDADEWlEG 

BOl 6ATAGAACT6AT6ACCA6TTCCSCCCCCCCTC6TCTAAACT 900 
ORTOOQFRPPSSICVflLSALRICYYNHMRtYMQFYT 

C . 

901 CT6CA£CACAACTCTTA£CTCAAAnAT6AT6AA 1000 
AAQLLAQIKK K P V P g C A F 6 Y A VtMHOALYRIPK 

R . Peptide 1 

1001 ATn66GTCTAnC6AGGAAttTACCCCTTm6n^ UOO 
F6SIR6RYPFIIS6. DAALIQATALEOVSAIH A_JK 
- HI dsRHA (2S2 - 2681 . . . . * 

1101 CC££A6CTGGTGTTCACnACSC£ATSCAG6T6TCAGTA6CBnAAACACC66ACT 1200 
PE LYFTYA NQVSVALHT6LYLRRVICICT6F6TTID 
Peptide II . * 

1201 AT6ACA£CTAT6AA6AT66AOOTmGCAAaX6AGA^ 1300 
0SYE0GAFLQPETFYQAALACCT6QDAPLR6HS 

1301 ABATG76TATSTCACTTATCXA6ATCnClA6MTTT6ATGCTG^ 1400 
OVYVTYPOLLEFDAVTQVPITVIEPAGYRIVDD 

1401 CATnA£T66TI6TG6CT(rTA£CT6TGGCATG^ 1500 
HLVVY6VPYACSP YHI FPYAAFDTARPYC6RFYI 

1501 nAAGGCTGCTAACAAGTATC7CC6TAASe«T6CC67CTAT6ATAAACT 1600 
KAANKYIRK6AVYDICLEAVKLAVALRVA6YDTH- 

1601 CTTCAAA6T6TAT6GC6ATACACAC66CTTAACTA 1700 
FKVYGDTH61TKF YA0R6DTVTHI PEFYTD60V 

1701 AT6GAA6TATTCGTTACTGCCATC6AACSCASAGCTA£ACATnCSTTGAACTACC^ 1600 
HEVFVTAIERRARHFVELPRLRSPAFFRSVEVST 

1801 CCACTATATAT6ATACTCAT6T6CAG6CT66T6C6CAT6C6G76TATCATGCTA 1900 
TIYOTHYQA6AHAYYHASRIRLOYYKPYST6I0 

.Possible FrvKsfclft sequences. 
1901 66T6ATCAATGC66eC6AACnAAfiAACTACTG666TA6TCT 2000 

VIKA6ELKRYVGSVBRTQQ6L6VV6LTHPAYHP 

CASYSAGFRS6RSYDASCRAY 
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2001 ACC66A£AA£t TACAGCTGGCGCTGCCCACGAk^, aTrT6ATA6AJOGII£GACAATGTTTTA5TA6AGTAAACSTW ■ '.UCCrTCACACGGACCCCfi 2100 

T6EPTAGAAHEEI 1 EQADRVlYt* 
RRTYSVRCPRRVDRT66QCF$RVIVIEPSH6PR 

2101 CCCTACAA66TACATACT6CA66AACCAfiCTACST AC CC TS C6TC6A 2200 
PTRT I LQ£P6TYPAVIRFRRRVQA'V3RQKATBF 

2201. TTSTn6ACflTC6TACCT6CCSCACT^ 2300 
L F 0 I V P Jl A V ISOFYTSOTSSFAYKSHTYAVRVTA 

2301 CAn6MUBSneAfil6ACACnAT6fX^ ttt bLbACSTJCTC 2400 

LRFSOTYAlYfQTDYRHTJ I SPAARRQASATTS 
......... * 

2401 ACAGGT6GCA66G7Tn677A7AACACAOT 2500 
Q Y A 6 F C Y I T P T U H I H I L DVD I I M P U F KS 

2501 nA£GGCTATA£A£AAfi6TCTAA£6TCACT(£?CAA^ 2600 
LRIYTRSKYTAQHHTBIRPDELVEAAAKVSPRRIC 

2B01 AATACTACTrrMTST6T6TAfiTT6AGCTGCTCfiC&AACTTACAA^ 2700 
TTLHCVYELLAMtQVDLEAAVATILATirLTLSE 

. . • « 

2701 AAMTTT6TACCMTTTTCrn6GATTCTA^ 2800 
K F V P 1 F I 0 S RAiyV6££6P0AtTARlKASS6QI 
Protean 1 . ... 

2801 AAfiA6CATACACJKGGCT6AnAC6AAC^ 2900 
KSIHTADYEPLTEIFEIAYLMIIR6Y6HVSVQAEK 

2901 AGGATCATCGCnGMTCCISACSTGGCTGTAfinGATCAAfiC^ 3000 
DHRLNPDVAVVDQARLTSCVRDHFE6SICQTYICY 

3001 T{XCmAT6At6TG6WT6^ACACT6CAAACASATB6^ 3100 
PFHTUD0YTARRVEVVP66SVHSQYEEDRDY I Y 

3101 CC7&6TCA6TA7AC7A£6XACAA577CA7AAn677AAC^^ 3Z0O 
PGQYTRRKFITVMKHPHHKISRH1ASPPEYRAVT 

3201 CSTCSAC6AA6TAC6MT66G6CAA6CAAC6TG^^ 3300 
S T £ Y E V £_K Q|A1Y6TDLKSTL1TRFAMFRCE0Y 
RMA polyaer*** ....... 

3301 ? CTCACTCACAABT7CCCA£TA£6CSACCAGGCA£^ 3400 
LTflKF£V6DQAEAAKYHKR¥RHItlO$ASSFCF0 

3401 TAT6AT6AmCMTTCTCAfiCAnCAATA6CTA6TATCTATACS6rm 3500 
YD0FMSQHS1ASNYTVLCAFRDTFSRRHS0EQAE 

3501 AGG^T6AACTG66T6T6T6ASTCC6T 3600 
AH«VtrCESVRHHUVLDPDTKEVIRLO§TLL S_£ W 

3601 GCGGnAACCACATTrAT6AACACTGT6CTAAATr666OT 3700 
R L T T F H LI Vl£VArMKLA6VFDL0. DYQDSfHI§ 
RXA polyaertse ......... 

3701 6AT6ATEnAT6AnA6TXTCAACCGC6T6A6CACA6CAGTAAGMTAAT 3800 
D 0 VNISLRRVSTAVRIRDAMNXIIARAQPAKCRL 
......... 

3801 TGT IITCSArMGTGMT77CT6A6G6TAGA^CACG6TAT6A6CG6AGGC6ATGGTC7 r&&66C7CA6TACT7AA6TAS6TCTT6TG(nAC7CTT6TACA 3900 
FSI5EFLR¥EH6HS6$D6L6AQYL$RSCATL1fH 

3901 CA67AGGATTGA6TaAAC6AA(XAa6TD^ASTAC6AGTTATG 4000 
SR I ESREPLSYVRVKEADQARLRDLARRTRVQS 
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i . . • . . .... . | A OSJUM— > 

* 4001 6CSGTAACAGC6ATAAAAfiAACAJUnC6Ac ^CfiTGTCACTAA6ATATTC6GA£TTeGTGAT6ACSTT6T6Ctt . tfACACACAGCTCACAGGGTGT 4100 
' AVTAIKEQLDICRVTKIFGVGDOVVRDIHTAHRVC 

4101 6TS6CSCTAICTCa>CTWtfCraBSCm^ 4200 
661$ T. DTVAP'fCTKI ITDREAYEIPYEIOOPSF 

4201 nGGCCASGGGTAMTEAnATBCTTATAAAfiTCTBS^ 4300 

' 4301 A6CACTATAGCrCT6AAACSTAAfl^ 4400 
STIALKKKARITSKKHCFAMKSEVERTHVKAYK6 

4401 STTTGGCAfiTCTCATACTATGCTAACCTSAG^ 4500 
LAVSYYARLSKFHS1PPHAR1EF6QARYAHQAA 

4501 CCTTGATASTT CT6ATCCACTCC66GCAnA£ASGTtATA^ 4579 
LOSSD'PIRALQVIL* < Prtaer I 
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Frameshift Vector Based on 
the L-A Virus 



Yeast Frameshift Sequence Beta-Gabctosldase Yeast and Exofl repHcons 

Promoter — ^AUGXXX^ From L-A mRNA — In -1 Frame I and selectable markers 



ranscription 



Translation start 
here sets the 
Initial frame 



\ 

UA-V* 1 



This stem- loop slows 
ribosomal movement along 
the mRNA 



This sequence allows peptttyl 
and amlnoacyl tRNAs to sBp 
back one base on the mRNA 
(-1 frameshift event) 



mRMA 
protein-^ 



;dg: 

Met Frame" o 



2jL 



GCCA 
U 6 
A C 

G-U 

C-G 

A-U 

D-A 

U-A 
C D 

U-G 

G-C 

G-C 

A-U 

signalfn Frame *0". 
G-C h/ Most translations 
M!AA. A 



Translation termination 



^stoQ here. 



GGGU0TJAGGAGO-GGAO 

>GlyLeuGly. . . 

, ArgBer. . . • « . .Beta-Galactosidase 
/ _ _ . _ >. 

The frameshmed 



protein sequence 
should be LeuArg 
Instead of LeuGty 
for the unshtfted protein. 



Beading continues In Frame '-r 
In about 1% of translations 



WO 90/12094 8 yr g PCT/US90/O1716 



Yeast Replication Origin 

Promoter L-A Major Coat Proton gene- p24 gene I and selective markers 



Transcription 



i 



mRNA 



Normal 
Monomers 



••^Particles 



Hybrid 
Monomers^ *6 
#6 *6 



^ Translation 
#6 



for yeast and E. coli 




Particles Decorate 
with antigen 
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INTERNATIONAL SEARCH REPORT 

, n» PCT/US90/01716 



n 



*- CCASSIFtCATIOM Of SUBJECT MATTEA (M Mftr^ drn^kt 



According to InMTfMttooal Potent CtesiKcattoo (tPQ or to bet* HttKxM* CU*s&c*0°* ood IPC 

IPC(5)r- C12N 15/00, 7/00, 5/00; C07H 15/12 
OS CL.: 435/172,3, 235, 255, 320; 536/27 



tL FIELDS SCARCHCO 



U,S, ; A35/235, 255, 320, 172.3; 536/27 



i 5 — > c* »d o 



t> th$ Extent ©tot Mid} OocamonH oro tojefttttod to tbo ftafcte Soorcbod • 



Walog [(CAS Pile 1967-1990) (Biotech File 1967-1990)] 



IflL OOCUMCMTS CONSIOCREO TO BC RU-IVAKT »< 



Cn.Oo« of Oocontoftt, »• w*b tedtcoflon, whoto oppropitete. of Iho loto—M oo T«t g— ' 



RotevarttoCtofctNa." 



JL 
Y 



Yeast. Volume A, special issue, published 
August 1988. W. Wilson, et ol. "Human Immuno- 
deficiency virus (HIV- 1) gene expression: 
ribosomal fromeshlfting requires a short sequence 
and no secondary structure in yeast and mammalian 
systems" pp. SI 77. see entire abstract. 

Mol. Cell. Biol., Volume 4, Number I, published 
January 1984. DJ. Thlele, et ol. "Multiple L double- 
stranded RNA species of Saccharomuc es cerevisiae: 
evidence for separate encapsidation" pp. 92-100. 
see entire article. 

Cell, Volume 55, published 18 November 1988. 
T. Fujimuro, et ol. "Gene overlap results In a viral 
protein having on RNA binding domain and a major 
coat protein domain" pp. 663-671. see entire article. 
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1-3.6.8 
4,5,9-11 



1-11 



•A - 
V 
1- 



: ■» 

ol lh» Oft wbfch to not 
kv b« '(4 p±rbcul# roto«onco 



IT doom* ol pMlnox roto~*co; *m rf» 
coonot bo ccookterod mmi ©f-toonot bo 



wblch wof ***** doubti oi» prtortte ctetm<*> oc 

Aod to ootftbltoh 0kO mbtcitkm 4*L* mi mnothmr 

otbw opoctei roooo* l»» tpodftod) 

rofenfna to on ocot dloctoooto, ooo, oxMbittoA o« 

no 

poMUW otto* to tho bUorootfoool Aftng «ou bwt 
tfc* poortty dolo ct*im*d 



"V d oaomoot ol 
commi bo co 

dOCWMOflt to 

moots, twe* o 



iv. ctunncATioM 



» oi 0** AcfeoJ Co«oto«oo ol tbo 

27 June 1990 



tulomotkmol Soorcb * 



Dote ol Moiiog ol tbfe totefrnttoool Sooreb Roport • 



0 1 AUG 1990 



latomafloaoJ Soorcbteo Aotbortty • 
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DIVlSIOw 



Fom» PCT/lSA/210 
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M«mU*m* AppCatfoM No. 



KLOOCUMCMT* 

[Category*) Cite 



PCT/DS90/01716 



"I 



l WatVAMT CCOMTIMUKO RtOM TKS SCCOMO SHOT) 



Biological Abstracts, Volume 86, issued 
15 September 1988. R. Esteban,et al. "Site- 
specific binding of viral plus single-stranded 
RNA to replicase-containing open virus-like 
particles of yeast" see Ref. No. 58368, 
Proc. NatL Acad. Sci. USA 85(12):44l 1-4415. 

GenOonk and UEMBL nucleotide sequence data 
bases. Sequence provided to GenBank data base 
on 08 Se^ember 1988 by R-B. Wlckner. (93* 
sequence Tromblogy with nucleotides 4041 to 
4500 of Uie instant application) 

U\fcl Acid. Res., volume 13, Number 5. published 
A^ril 1995. J. Bruenn, et al. "Long internal inverted 
repeat in a yeast viral double-stFanded RNA" pp. 
1575-1591. see entire article. 
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InLnutional AppScaHo. No. f{JS9Q / 01716 



FURTHER INFORMATION COHTINUCO FROM THE SECOND SHEET 



Cell, Volume 55, published 23 December 1938. 
W. Wilson, et a). "Ribosomal frameshifting is 
directed by 8 short sequence in both mammalian and 
yeast systems- pp. 1159-1169. see entire article. 



J. Bio). Chem., Volume 264, published 25 April 1989 
T. Icho, et a). The double-stranded RNA genome of 
yeast virus encodes its own putative RNA polymerase 
by fusing two open reading frames" pp. 6716-6723. 
see entire article. 
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V.Q OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE ' 



This international search report has *<X bean established k* reaped el crftain citimt umm Anidt UO) fa) lor Ihe foetowin* reasons: 
I.Q Claim numbers . because they r«t*t* lo subject maUel • no I required to be searched by this Authority, namely: 



Z.Q Claim Humbert . because Ihey cclila lo parts ol the inter national apoticabdn thai d© not comply *»ith the p*ascr*»cu require- 

ment* lo such an eslent thai no m**rHn 0 M inlc/natioaal search can bo canted out •. t pacific »»r: 



CUim numbers 

PCT Rule 6.*JaJ. 



^ because tfiey ere dopender* dawns not drafted ai accordance wift re second a 



VI.Q OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING* 



This Inlernationnl Searching AuthoiMr Jound mutiiple Inventions in this international ftppCotis.* *i l^iows: 



l.Q As eft required additional search lees were limeh; paid by the applicant, this mtonuuonj sea/cr. rfpori -* 1 «-»*rta**» claims 

ol the Inter national appScatiOn. 

J_Q As only some ot the trowed additional search lees Mere fame*, paid by the applicant, this international st*rcn #<pom «-v*» oWy 
thOM claims ot the hvUt national application for which tees were paid, specif**** claims: 



x O No eddmonel search kes were tieaeh/ paid by lha appScanL Consequent. iMs iAlerfuuenai s«a*m fvoort n re*U<?<-- »a 

the invention firii HMittioncd in the claim*: M U covered by claim numbers: 



4 ("I A * "a/chaolecljans could be searched without tfton justifying an 
ionte payment ol any additional lea. 

Remajt on Protest 

Q The additional search tees were accompanied by appScanfs protest 

Q No protest accompanied th* payment of additional search lees. 



additional !«. the IntcmahorwU S4.4»Cr-v Autao-d/ md not 



FamPCUSAaWfs 



/'Z^Zl Paul N. Kokulis To: "Richard Meserve" <fmeserve@pstciw.edu> 




cc: john <jliveiy@pst.ciw.edu> 
Subject Re: Diamond Innovations^) 



Dear Dick 

Thanks for the note. I called Singer as a follow-up to your note but he was away for the day and I could 
only leave a message. He is expected back tomorrow and hopefully he wiH return my call as I left a 
reasonably detailed message.. 

I will keep you posted. 

Paul 

Paul N. Kokulis 

Morgan, Lewis & Bockius LLP 

1111 Pennsylvania Avenue NW 

Washington, DC 20004 

PKokulis@morganlewls.com 

202.739.5455 (voice) 

202.739.3001 (fax) 



'Richard Meserve" <rmeserve@psLciw.edu> 



"Richard Meserve" 

<rmeserve@psLciw.ed 

u> 

11/06/2004 08:02 AM 



To: "Paul Kokufis" <pkokuijs@morganlewis.com> 
cc: john <jfivery@psLciw.edu> 
Subject: Diamond Innovations 



Paul — 

This note is to give an OK for your efforts to determine 
whether a meeting with Diamond Innovations would be fruitful along the 
lines of your message. I will be away from Washington until Wednesday 
night and may not be in e-mail contact until then. 
Dick 

Richard A. Meserve 
President 

Carnegie Institution of Washington 
1530 P St., NW 
Washington, DC 20005 
(202) 387-6404 



NUC 24505 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
J^TFADED TEXT OR DRAWING 

□^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ skewed/slanted IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

[TjblNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



